In view of the vast amount of work which has been done on the study of the blood picture in the iufant and young child, it might seem superfluous to add to the number of communications. The story has already been told by so many workers, and with such apparent unanimity on the general features, that there would seem little reason to doubt the main conclusions. However, it is always worth while reviewing afresh even a question considered settled, if it can be done from a new angle. If this is possible, addional light may be shed on some aspect of the problem so that a different, and perhaps a more correct, conception of the processes at work is obtaiined It is because of this that I coinider some observations which I have been making during the past two or three years are worthy of publication.
In That there is a want of correlation between body growth and blood formation in the early weeks of life is suggested from the fall in the concentration of the haemoglobin and red cells, but from observations on the concentration of haemoglobin and red cells alone it is impossible to say whether this is due to a lag in blood formation, or to an increased rate of destruction of blood, any more than that the variations in haemoglobin and red cell concentrations in the presence of dehydration or oedema point to abnormalities in the processes of formation and destrucion of blood. The correct answer to what is happening can only be obtained from a knowledge of the nature of the change, if any, in the total amount of blood (haemoglobin and red cells). The importance of this conception was first pointed out to me by Dr. Robb-Smith3 who suggsted that it would be interesting to see how the aute amount of haemoglobin and total number of red cells in the circulating blood behaved during the neonatal period, for in this way the key to the solution of the much died problem of excessive haemolysis might be obtained.
Mteria Since 1941, through the kind cooperation of Prof. Chassar Moir, I have had the opportnity of studying the blood pictureinthe newborn in his Department at the Radcliffe Infirmary, Oxford, and of followg the course of events in these children throughout their first year of life. In addition, I have collected isolated observations in a laLrg number of infants under my own care in the Children's Department of the same hospitaL To Dr. R. G. Macfarlane I am indebted for much advic and for most of the blood eaminations, which were carried out by his technicians. This help was so arranged that, as a rule, the blood examinations were performed by one individual so that some neal constancy in standards was maintained.
The blood in the foetus was obtained from the umbilical cord imdiately after delivery and before pulsation had ceasd. In the newborn infant blood was obtained either by heel puncture or from a scalp vein. There tends to be a slightly greater concentration of haemoglobin and of red cells in the capillary blood as obtained by heel puncture, but the differences are so slight ( fig. 1) 130.
-120. guinea-pigs were removed from the chamber, which was considered analogous to birth, the haemoglobin and red-cell values fell, reaching the normal level within five days, and that at the same time the icteric index rose at once from nilfto 1-5 units. It was also noted that the marrow became hyperplastic during the period the animals were under the influence of diminished atmospheric pressure. These authors lay great stress on their findings and certainly at first sight it does look as ifthe experimental conditions and those pertaining to our problem are identical. But a scrutiny of the experimental protocols raises doubts regarding their accepted signfificance. For instance, in three of the eleven experiments the plasma bilirubin was raised while the animals were still in the chamber, and in theother eight animals, although the plasma bilirubin was not noted to be raised till after their removal from the influence of the diminished atmospheric pressure, the maximum level was observed immediately after removal from the chamber and it fell rapidly thereafter. This is, ofcourse, exactly the opposite ofwhat obtais during infancy, when the plasma bilirubin almost invariably rises after birth. There is also (Hurtado,' 1932 and and Monge, 1937) sig==significant. ofHealth, I put forward the thesis that it is fallacious to look upon the concentration of the haemoglobin and red cells in the blood as a direct measure of the health of the individual. My attention had been first drawn to this matter during a research (1909) on the blood in rickets, when I found that, both in experimental rickets in the dog and in spontaneous rickets in the child, the concentration of the haemoglobin and red cells was increased. I found, for example, higher haemoglobin and red-cell levels in rachitic children resident in the Glasgow slum than in the healthy children of the wealthy citizens living under good conditions in the suburbs. I was inclined to ascribe this state of affairs to the fact that the rachitic child was confined in a badly ventilated house and thus required additional oxygen carriers, just as is the case in the individual living at a high altitude in a rarified atmosphere. One is here tempted to recall the observation of Dobbs (1942) that nurses evacuated from London to the country at the beginning of the war showed a fall in the haemoglobin level. This phenomenon Dobbs attributed to less satisfactory dietetic conditions in the country than in the town, but in my view it may possibly have been due to the result of improved atmospheric conditions and a consequent lesser demand for oxygen carriers. Is it not possible that in this way also we can account for the different haemoglobin levels in childhood, in women, and in men? In this order we can express the relative expenditure of muscular energy, and thus the relative amount of oxygen required and the consequent relative amount of oxygen carriers. For some years, too, I (1942) had been studying the effect of the administration of iron to normal individuals, apparently concurrently but unknowingly with my American colleagues, Fowler and Barer (1941) . We all came to the same conclusionthat it was impossible to increase, unless very temporarily, the haemoglobin level in the healthy individual by the administration of iron.
For given additional iron-three had birth weights above 5j lb. However, a comparison between the three over 5+ lb.. and the two under 51 lb. reveals no radical difference in the trend of the various curves, so that there seems no disadvantage in adopting the time factor rather than the weight factor.
I examined fewer infants than Helen Mackay; but all the children were healthy and the administration of iron was begun within ten days of birth. I usually started with daily doses of 20 mg. of iron in the form of ferrous sulphate, and gradually increased the amount to 60 mg., and in somre cases to 120 mg. per day. In Helen Mackay's (1931) series the children were selected from her outpatient clinic and 'in many cases were ill and in the majority of instances were underweight and underfed.' Moreover, they were not infrequently five months, and in some instances were eight months old, when they first came under observation. Mackay states that the daily dose of iron in her cases varied between 60 and 120 mg. per day and was given in the form of ferri et ammon. citrate. Figure 16 , showing the average weight curves, reveals the satisfactory and almost equal rate of growth in all the various groups of children in my series. The parallelism of the average weights of the full-time children receiving added iron and those not so treated is striking. Those not receiving iron start at a slightly lower-level but they do not lag behind those receiving iron. In the case of the premature children, those receiving iron started at a much lower level than those not receiving iron, and their rate of increase is certainly more rapid, but the rate of growth of those not receiving iron is quite as good as that of the normal filll-time child.
The percentage concentration of haemoglobin and red cells in full-time children with and without additional iron are given in tables 3 and 4. These tables were compiled from my findings by Dr. Russell of the Department of Social Medicine, Oxford, and from the statistical analysis there emerges no significant differences between the two groups. In the graphic representation of the means of the two groups, shown in figs. 14 and 15, it will be seen that in the group receiving iron there is a more rapid recovery, specially marked in the case of the red cells, and by the age of five months higher haemoglobin and red-cell concentrations are reached in the group of children receiving added iron than is the case in the control sie of children. But 19 and 20, in which haemoglobin and red cells are expressed in amount per lb. weight. The similarity of the -curves of the various groups (fulltime and premature alike) is striking. Unless in the case of haemoglobin in the premature children, which runs at a slightly lower level than in the fulltime children, there is no radical difference between them.
A survey of the above findings leads to the conclusion that iron is not necessary as an adjunct to the diet ofthe normal infant for normal blood formation, that its administration does not lead to any improvement in the state of the blood, unless temporarily immediately after its presentation, when it seems to exert merely an irritating effect on the haemopoeitic tissue just as it does in the case of the normal adult. Nor does there seem any evidence that additional iron is necessary even in the case of the premature child. conclusions 1. The haemoglobin and red-cell concentrations are lower in the foetus than in the child.
2. The haemoglobin and red-cell concentrations increase considerably within the first few hours after birth. For this no adequate explanation can be given.
3. After the initial post-natal increase in haemoglobin and red-cell concentrations, there is a gradual fall during the first three months of life.
4. This post-natal fall in haemoglobin and redcell concentrations is most rapid during the second week of life.
5. The fall in the haemoglobin and the red cells during this pericd is not absolutely parallel: the fall in haemoglobin concentration is more marked than the fall in the red-cell concentration and causes a change in their relative proportions. 6. The change in proportion of haemoglobin and red cells is due to a change in the size ofthe red cellwhich is smaller during post-natal than during antenatal life-and it indicates considerable new blood formation.
7. The total haemoglobin and red-cell contents of the circulation show the same trend as the haemoglobin and red-cell concentrations, but the fall in the total amounts is less marked and continues for a shorter period.
8. There is no evidence of increased haemolysis during the neonatal penod, in fact, rather the reverse.
9. Increased haemolysis is, therefore, not the prime factor in the causation of icterus neonatorum.
10. The fragility of the red cell in the newly born is diminished in comparison with that during foetal lfe and later childhood.
11. Nucleated red cells and reticulocytes, while abundant during foetal life, rapidly disappear from the circulation in the newborn child. Their persistence suggests some abnormality, e.g. the presence of the Rh factor.
12. Goldbloom and Gottlieb's experiments with the guinea-pig in a rarified atmosphere reproduce the results from living at a high altitude, but they are not comparable with those due to the change-over from foetal to post-natal existence. 13. The administration of iron to the diet of the full-time and premature healthy child causes a slightly earlier and higher post-neonatal rise in both haemoglobin and red-cell concentrations than occurs without any medication.
14. The improvement in the haemoglobin and red-cell concentrations from the administration of iron in the full-time and premature healthy infant is only temporary: by the time the children are one year old there is no statistical difference between the blood pictures ofthe treated and the untreated infant. 15. Estimations of total haemoglobin and red cells in the full-time and premature healthy infant reveal a progressive increase in the amount ofhaemoglobin and number of red cells from the second month of life, and show that the increase in both haemoglobin and red cells is identical in infants receiving additional iron and in those not receiving additional iron.
16. The effect of iron added to the diet of the normal infant, full-time and premature, would seem to be the same as in the case of the healthy older child and adult, viz, a temporary irritation of haemopoietic tissue.
